Summary
Introduction
The number of patients living with chronic heart failure is constantly growing. This is attributable to the higher life expectancy in developed countries and advancing therapeutic options [1] [2] [3] . The impact of heart failure on mortality is reflected by Swiss registry data, which showed an annual overall case fatality rate of 26%. According to these data, overall annual mortality associated with heart failure was 32% for women and 20% for men [1] . Therefore, in selected patients with drug refractory heart failure, cardiac resynchronisation therapy (CRT) with or without a defibrillator backup (CRT-D) is a widely accepted therapeutic option, which has been shown to reduce both morbidity and mortality [4] [5] [6] [7] . Improvements in several factors such as left ventricular ejection fraction (LVEF), various echocardiographic parameters, physical and functional capacity and quality of life were shown in numerous pivotal studies [6, [8] [9] [10] [11] . CRT is established for heart failure patients who remain in New York Heart association (NYHA) class II, III and ambulatory class IV despite optimal medical therapy, who have a LVEF <35% and a QRS width of >120ms, and are in sinus rhythm [2, 3] . Favourable results of several recently published trials [6, 8, 9, 12] in mildly symptomatic patients will lead to a further rise in implant rates. In Switzerland, the number of newly implanted CRT-pacemakers (CRT-P) and CRT-D devices constantly increased over the last decade. In 2012, 164 CRT-P and 371 CRT-D devices were implanted, according to the Swiss pacemaker registry [13] . Those few publications that exist on mid-and long-term outcome of CRT-D patients mainly focus on mortality or CRT response (improvement in NYHA class, LVEF and left ventricular endsystolic volume) [14] [15] [16] [17] . However, in many publications "long-term" stands for a mean followup of 2 to 4 years. Technical factors that affect the patients probably as much are hardly mentioned. The aim of this study in patients living with CRT-D for at least 5 years was to focus on these factors and to put them into perspective with the clinical benefits.
Methods
The patients of this retrospective analysis stem from the prospective CRT-D registry of the Cardiology Department of the University of Basel Hospital in Switzerland, which has long-standing experience with this procedure [3] . The registry currently includes 219 patients, was started in 1999 and is constantly updated. Out of this registry, all 49 patients living for at least 5 years were identified. Patients received their CRT-D device between February 2000 and November 2006 and were followed-up until December 2011. The indication for CRT-D was, as described above, primary or secondary prevention of sudden death. The CRT-D was implanted according to standard local practice with conscious sedation and mostly dual-coil/passive implantable cardioverter-defibrillator (ICD) leads. Device interrogations were performed 1, 3 and 6 months after implantation and then every 6 months. For primary prevention, a cut-off rate for ventricular tachycardia (VT) detection of 180-185 bpm with a series of antitachycardia pacing (ATP) bursts followed by shocks was programmed. For secondary prevention, the cut-off rate was usually 20 bpm lower than the clinically observed VT. Detection of ventricular fibrillation (VF) was usually programmed to 220 bpm with ATP during charging, whenever possible followed by shock. All ICD therapies were reviewed by an electrophysiologist and defined as either appropriate or inappropriate. Left and right ventricular stimulation thresholds were defined as "high" when they exceeded 2.5 V. For the right ventricular lead a twofold safety margin of the measured threshold was programmed. The left ventricular output was set either to 2 V or 0.6 V higher than the measured threshold in cases with a threshold of >2 V. Indications for device replacement were end of life, infections, recall and system malfunction. Events leading to surgical intervention were classified as significant complications (e.g., lead repositioning or replacement, infection etc.) or minor complications (all other events, e.g., phrenic stimulation, chronically elevated threshold values…) [10, 18] . We defined three timings of these significant complications: early (implant to 6 months); intermediate (7 to 60 months); late (>60 months). If a patient had two significant events, the first one was considered for the Kaplan-Meier curve labeled "freedom from significant events". It is important to note that only patients with a follow-up of at least 5 years were included, that patients who died after the time point of 5 years were not excluded and that all complications occurring during follow-up were considered. Changes in NYHA class and LVEF were assessed. Rate of appropriate ICD-therapy and mode of death were analysed (pump failure, other cardiovascular death, noncardiac death).
Statistics
Continuous data were expressed as mean values (±one standard deviation) or median. The chi-square test or Fisher's test were used to compare categorical data (mortality in primary/secondary prevention and ischaemic/non-ischaemic cardiopathy; ICD therapies in the same subgroups and in dead/surviving patients). Comparisons of the continuous variables (LVEF; NYHA class, plus the changes over time) were calculated using a paired and an unpaired two-sided student's t-test. Kaplan-Meier curves were constructed to give an overview on the mortality rate of all registry patients (date of last access of the database for this analysis was 1 April 2013) and show the incidence of significant problems. A p-value <0.05 was considered statistically significant for all tests. Analyses were done using IBM SPSS version 20.1.
Results

Population
The study cohort consisted of 49 patients. No patient was lost. The population was predominantly male (78%). Mean age was 63±10 years (range 36-80 years). Extensive baseline characteristics of all patients are shown in table 1. Mean follow up was 84±18 months (range 62-145, median 79 months). After initially surviving 5 years, 8 patients (16%, estimated annual mortality 8%) died during further follow-up. Mean age at time of death was 73±8 years. Endstage heart failure was the reason in six patients (five of them had ischaemic heart disease), laryngeal cancer and rupture of an aortic aneurysm in one patient each. Significantly more patients with a secondary prevention indication (40%) died during follow up (40% vs 10%, p = 0.04). Mortality was also higher in patients with ischaemic heart disease (33% vs 6%, p = 0.04). Overall mortality rate in all 219 registry patients is shown in figure 1 . 
Clinical outcomes
Mean NYHA class improved from 2.7±0.6 at implant to 2.1±0.6 at last follow-up (p = <0.0001, 95% confidence interval [CI] 0.40-0.91). No difference between ischaemic and nonischaemic cardiomyopathy was observed (p = 0.8). Table 2 shows these changes in NYHA class during follow up in detail. LVEF improved from 23%±7% to 35%±13% (p = <0.0001, 95% CI 8%-16%). In 23/49 patients (47%), LVEF improved >10% and in 24/49 patients (50%) to >35%. LVEF was re-evaluated after a mean follow up of 70±30 months. An improvement from 22%±8% to 36%±13% (p = <0.0001 compared with baseline) was seen in patients with nonischaemic cardiomyopathy and from 25%±6% to 34%±13% (p = 0.007 compared with baseline) in those with ischaemic cardiomyopathy. There was no difference in LVEF improvement between groups (p = 0.2). Hyperresponse, i.e., an improvement to ≥50%, was seen in 6/49 patients (16%), 5 (83%) of whom had nonischaemic cardiomyopathy. During follow-up, 14 patients (28%) experienced appropriate ICD therapies (ATP or shock), 8/39 (21%) in primary and 6/10 (60%) in secondary prevention (p = 0.02). Arrhythmias were true VF in 2 cases (4%), VT >220 bpm in 2 cases (4%) and VT <220 bpm in 10 patients (20%). Firstever arrhythmia occurred at a median of 11 months after ICD implant (range 1-54 months). There was no difference between patients with nonischaemic cardiomyopathy (8 patients, 16%) and patients with coronary artery disease (6 patients, 12%) (p = 0.7). Arrhythmias occurred more often in patients who died during subsequent follow-up (63%) than in long-term survivors (22%, p = 0.03). Inappropriate ICD therapy was delivered in 7 patients (14%). The causes were sinus tachycardia (n = 3), noise sensing (n = 2), atrial fibrillation (n = 1) and atrioventricular-nodal re-entrant tachycardia (n = 1).
Device-related outcomes
Overall, 53 devices were replaced in 45 patients; 47 (89%) for battery depletion, 2 for recalls, 2 for infections and 2 as elective device replacements during lead revision and in anticipation of imminent battery depletion. At the time point 5 years, the ICD had already been replaced in 27 patients (55%). Mean device longevity was 54±13 months (range 26-74 months). A total of 23 technical problems were encountered in 20 patients (40%). Significant problems accounted for 15 of them, 14 resulting in surgery (61% of technical problems, 29% of all patients). A detailed overview is given in table 3. Two infections resulted in device removal (one pocket and one lead infection). Both patients presented after device replacement (26 and 52 months, respectively). All four cases of lead dislodgement happened early after implantation (mean 2.5±2.6 months). In contrast, the occurrence of lead defects (n = 7) showed a wide range from 2 to 59 months. No other adverse events requiring surgery were seen beyond year five and no patient died due to surgery. The rate of major complications was 30% (15 of 49 patients). A Kaplan-Meier curve on the incidence of significant problems is shown in figure 2 . Mean left ventricular (LV) thresholds were 1.6±1.3 mV at implant and 1.5±1.0 mV at last follow-up with an impulse duration of 0.5 to 1.0 milliseconds. The right ventricular (RV) threshold values were 0.8±0.4 mV and 1.0±0.7 mV, respectively. There was no significant change over time (p = 0.6 and 0.1). A high LV-or RV-threshold, defined as >2.5 V, was present in six patients and no patient, respectively, at implant compared with five and two, respectively, at last follow-up.
Discussion
The very distinctive feature of this study is that all patients had a follow-up of at least 5 years, thus giving a more precise overview of problems developing in the long term than previously published studies [14] [15] [16] in which only a minority of patients had such a long-term follow-up. Device-related problems, especially lead issues and generator replacement, have an impact on physical and psychological wellbeing of patients [19, 20] . Such adverse events are more common in CRT-D and have mostly been attributed to the left ventricular lead [21, 22] . Landolina et al. [22] reported an annual rate of major complications of 5%, half of them due to LV lead problems. However, there the limitation is a short follow-up of median 18 months. Our results extend these findings with an annual rate of 6%, one-third for LV lead problems. Several other studies [17, 18, [22] [23] [24] reported lead-associated problems, but again their main limitations are the short follow-up and the inclusion of different devices (pacemakers, ICDs and CRTs). Fifty percent of complications requiring surgery occurred within 6 months after implantation, the other 50% were seen beyond year four. Phrenic nerve stimulation, although commonly met (11/49, 22%), could be managed by reprogramming of lead configuration and rarely needed lead replacement (1/49, 2%). This is in marked contrast to a clinically significant rate of 22% and a revision rate of 7% over a mean period of 24 months in the study by Biffi et al [25] . Device longevity is a well-known problem. As a result of the high amount of pacing, battery depletion occurs earlier than in non-CRT devices. Mean longevities of 4.7 and 4 years have been published, comparable to the 4.5 years in our series [26, 27] . Different performance of manufactures and LV threshold are known to have an important influence. Of note, both our infections occurred after device replacement. LV threshold >2.5 V was present in less than 10% at last follow-up and thus cannot be an explanation for impaired device longevity [28] . Arrhythmias requiring ICD therapies occurred in 28%. Potentially fatal arrhythmias (VF and fast VT) were present in only 8%. The number of appropriate ICD therapies was thus lower than in a previous study with a shorter follow-up of mean 21 months (42%) [29] . There was a significantly higher rate of appropriate ICD therapies in patients receiving CRT-D for secondary prevention, which is congruent with previous publications [4, 29] . Our results suggest that the long-term benefit of the defibrillator in CRT therapy, at least for certain indications (primary prevention in nonischaemic heart disease), is probably overestimated [30, 31] . Clinical response, i.e., reduction in NYHA class, in this initially highly symptomatic group of patients (mean NYHA class 2.7) was marked and sustained (mean decrease 0.6±0.9). This is consistent with data of large CRT trials [4, 5, 17, 32, 33] , albeit with a much longer follow-up.
Findings are promising as they show a long-lasting stabilising effect of CRT on LV function (mean LVEF improvement 14%±12%) with no significant difference between the ischaemic and nonischaemic cardiomyopathy groups. More important is the sustained LVEF improvement, the determinant with regard to further need of a defibrillator back-up. Our group recently published data showing a strong correlation between LVEF improvement and ICD therapies, indicating a very low rate of ICD therapies in patients with a sustained improvement of LVEF up to >35%. From this perspective, the observation that no first-ever ICD therapy occurred beyond year five might be an argument in favor of downgrading to a CRT pacemaker in selected patients. Of course the patient number is limited, but it should stimulate the ongoing discussion regarding the dogma "once ICD, always ICD" [30] . The mortality rate in this study is definitely not comparable to other studies, as per protocol patients who died before year five (i.e., 40 of the 219 patients initially implanted) were not included the study. However, the annual mortality rate beyond year five of 8% was similar to the early mortality in other studies [4, 7, 15, 16, 24, 34, 35] . Most patients died of progressive congestive heart failure and most of them had ischaemic heart disease. Their worse outcome was possibly influenced by several factors, such as high- er mean age at implant (66 years compared with 62 years in patients with nonischaemic cardiomyopathy), ischaemic cardiomyopathy and comorbidities. Furthermore, there is a trend that patients with appropriate ICD therapies were more likely to die, which is congruent with existing data [23] . This study is a retrospective analysis of a relatively small single centre population. However, no studies with comparable mean follow-up duration have been published to date. Another limitation is lack of a prespecified echocardiographic follow-up and contemporary response parameters (e.g., left ventricular end systolic and end diastolic volumes [36] ), but this was not the focus of this study and has been addressed before in larger cohorts [37] . Moreover, we did not assess the number and type of "minor" lead and device associated issues, such as. intermittent variations in pacing thresholds. One benefit of CRT is a reduction in hospitalisation rates. With our study setting, this issue could not be evaluated.
Conclusions
Obviously many benefits of CRT exist, but they must be carefully weighed against its disadvantages, such as reoperations for battery replacement and lead problems. Further studies will be needed to determine which patients will need a CRT-D at implant or at replacement, as a considerable number of patients improve in LVEF or never experience arrhythmic events. 
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